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Abstract
Objective—To investigate dietary deter-
minants of ischaemic heart disease (IHD)
in health conscious individuals to explain
the reduced risk in vegetarians, and to
examine the relation between IHD and
body mass index (BMI) within the normal
range.
Design—Prospective observation of veg-
etarians, semi-vegetarians, and meat eat-
ers for whom baseline dietary data,
reported weight and height information,
social class, and smoking habits were
recorded.
Subjects—10 802 men and women in the
UK aged between 16 and 79, mean dura-
tion of follow up 13.3 years.
Main outcome measures—Death rate ra-
tios for IHD and total mortality in relation
to dietary and other characteristics re-
corded at recruitment (reference category
death rate = 100).
Results—IHDmortality was less than half
that expected from the experience re-
ported for all of England and Wales. An
increase in mortality for IHD was ob-
served with increasing intakes of total and
saturated animal fat and dietary
cholesterol—death rate ratios in the third
tertile compared with the first tertile: 329,
95% confidence interval (CI) 150 to 721;
277, 95% CI 125 to 613; 353, 95% CI 157 to
796, respectively. No protective eVects
were observed for dietary fibre, fish or
alcohol.Within the study, death rate ratios
were increased among those in the upper
half of the normal BMI range (22.5 to
< 25) and those who were overweight
(BMI > 25) compared with those with
BMI 20 to < 22.5.
Conclusions—In these relatively health
conscious individuals the deleterious ef-
fects of saturated animal fat and dietary
cholesterol appear to be more important
in the aetiology of IHD than the protective
eVect of dietary fibre. Reduced intakes of
saturated animal fat and cholesterol may
explain the lower rates of IHD among veg-
etarians compared with meat eaters. In-
creasing BMI within the normal range is
associated with increased risk of IHD. The
results have important public health im-
plications.
(Heart 1997;78:450–455)
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Many foods and nutrients have been impli-
cated as promotive or protective factors in the
aetiology of ischaemic heart disease (IHD).
Early interest centred around the atherogenic
potential of saturated fatty acids and dietary
cholesterol mainly derived from high fat dairy
products, fatty meats, and eggs.1–3 More recent
research has suggested that oils containing cer-
tain unsaturated fatty acids, fruits, vegetables,
unrefined cereals, and fish might protect
against IHD because of their antithrombotic
properties or their antioxidant nutrient or
dietary fibre (non-starch polysaccharide) con-
tent.4–10 It has been claimed that the beneficial
eVects of the protective foods might be more
powerful than the deleterious eVects of foods
rich in saturated fatty acids.4 10 These observa-
tions have led to some uncertainty as to the
most appropriate emphasis for dietary advice
intended to reduce the risk of cardiovascular
disease among populations and individuals at
high risk of IHD.
We have recently confirmed reduced IHD

death rates in vegetarians compared with meat
eaters,11 12 but vegetarian diets diVer from those
of meat eaters in many respects and published
data have not established which aspects of the
vegetarian diet are protective. We present
information derived from a semiquantitative
food frequency questionnaire completed by
more than 11 000 vegetarians and meat eaters
at recruitment to a prospective study between
1980 and 1984. The study diVers from
previous prospective studies of diet and IHD in
that the volunteers were individuals whose self
selected diet13 resembled, in nutrient content,
current dietary recommendations14 rather than
the relatively high saturated fat diet typical of
most aZuent societies. The findings may not
only help to explain which attributes of a
vegetarian diet protect against IHD but also
which foods and nutrients are important in the
aetiology of IHD in populations who modify
their diets along the lines of present guidelines.
Information on weight and height was also col-
lected. An increased risk of IHD in obese sub-
jects has been demonstrated in many studies.15

We report the change in IHD risk with increas-
ing body mass index (BMI) within the normal
range as very few volunteers were overweight.

Subjects and methods
RECRUITMENT

Recruitment is described in detail elsewhere.11

In brief, vegetarian participants were recruited
through the Vegetarian Society of the United
Kingdom and news media. The non-vegetarian
controls were their friends and relatives. A
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semiquantitative food frequency questionnaire
was completed and information gathered con-
cerning smoking and exercise habits, social
class, weight, and height at the time of recruit-
ment to the study (September 1980 to January
1984, median year of recruitment 1981). Some
characteristics of the participants are shown in
table 1.

FOLLOW UP

Flagging of each subject’s medical records at
the National Health Service Central Register
enabled death certificates to be sent to the
investigators following the death of partici-
pants. Underlying cause of death was coded by
one of the investigators using the 9th Revision
of the International Classification of Diseases.
Coding was carried out without knowledge of
the diet and lifestyle characteristics of the sub-
ject. We report an analysis of mortality based
on all deaths up to 31 December 1995.

DEFINITION OF DIETARY AND OTHER VARIABLES

Data are presented for dietary variables for
which there were (at the time the study was
started) or are currently, hypotheses concern-
ing promotion of or protection against IHD;
and concerning which information was sought
in the semiquantitative food frequency ques-
tionnaire. The validity of the questionnaire has
been examined for estimated dietary fibre
intake, but not for other nutrients.16 However,
the food groups have been shown to be strongly
related to serum cholesterol in this popula-
tion.17 Vegetarianism was defined as never eat-
ing fish or meat or foods derived from animal
products other than dairy foods and eggs. Indi-
viduals who ate meat occasionally but less than
once a week or who ate fish but not meat were
described as semi-vegetarians. For most vari-
ables the data are presented as recorded on the
questionnaire, combining categories where
appropriate to produce three intake categories.
Those in the lowest intake category were
regarded as the reference group. Subjects were
also categorised into tertiles of the distribution
of intake of total fat, saturated fat, and dietary
cholesterol from animal foods (meat, eggs,
milk, cheese) as well as for dietary fibre derived
from cereal, fruit, and vegetable sources.
Tertiles of the distribution of intake of these
nutrients are shown in table 2.
BMI was calculated from self reported

weight and height. Socioeconomic status was
classified on the basis of employment category.
Leisure time physical activity was defined as
high or low according to whether subjects par-
ticipated in leisure time sport, keep fit, running
or cycling for 15 minutes or more at least twice
a week. Smoking habits were derived directly
from data provided on the recruitment ques-
tionnaire.

STATISTICAL METHODS

Subjects under 16 years and those with
diagnosed cancer (excluding non-melanoma
skin cancer) at entry were excluded from the
analyses as were those who failed to provide full
information concerning smoking habits,
height, weight, and employment category. The
data presented are based on 10 802 subjects
(4102 men, 6700 women). Subjects were cen-
sored on reaching the age of 80 years. Person-
years of observation and deaths in nine age
groups (16–39 years and 5 year age groups
40–79 years) and three calendar periods
(1980–84, 1985–89, 1990–95) were calculated
using the person-years (PYRS) computer pro-
gram. To describe the mortality of the cohort
as a whole we also calculated standardised
mortality ratios (SMRs) for men and women
for all major causes of death using national
mortality data for England and Wales; 95%
confidence intervals (CI) for the SMRs were
calculated assuming that the observed number
of deaths followed a Poisson distribution.
The associations of dietary and other factors

with mortality within the cohort were investi-
gated by Poisson regression using the GLIM-4
statistical package to calculate death rate ratios
and their 95% CI (for convenience we use a
percentage scale, so that the reference category

Table 1 Number (percentage) of men and women with various lifestyle related
characteristics and with pre-existing disease at the time of entry to the study

Men Women

Number of subjects 4102 6700
Median age at entry (years) 34 33

Diet group
Meat eater 2147 (52.3) 2751 (41.1)
Semi-vegetarian 387 (9.4) 962 (14.4)
Vegetarian/vegan 1568 (38.2) 2987 (44.6)

Smoking habits
Never smoked 1787 (43.6) 4021 (60.0)
Ex-smoker 1302 (31.7) 1588 (23.7)
Current smoker
< 10 cigarettes/day 531 (12.9) 487 (7.3)
> 10 cigarettes/day 482 (11.8) 604 (9.0)

Body mass index (kg/m2)
< 20 592 (14.4) 1777 (26.5)
20– 1560 (38.0) 2804 (41.9)
22.5– 1259 (30.7) 1425 (21.3)
> 25 691 (16.8) 694 (10.4)

Social class
I–II 2190 (53.4) 3040 (45.4)
III–V 1088 (26.5) 2017 (30.1)
Others 824 (20.1) 1643 (24.5)

Pre-existing disease*
No 3832 (93.4) 6148 (91.8)
Yes 270 (6.6) 552 (8.2)

* Angina, heart disease, hypertension, diabetes or stroke.

Table 2 Tertiles of the distribution of intake of total fat, saturated fat, and dietary
cholesterol from animal foods

Men Women

Tertiles
Median intake
for each tertile Tertiles

Median intake
for each tertile

Total animal fat 43.6 and 25.5 37.0 and 23.6
61.9 g/day 52.4 55.1 g/day 45.2

74.8 67.0

Saturated animal fat 23.9 and 14.6 20.6 and 13.7
34.0 g/day 27.4 31.0 g/day 26.3

41.0 38.1

Dietary cholesterol 214.0 and 155.6 195.8 and 137.7
345.1 mg/day 277.1 291.1 mg/day 244.6

431.4 378.1

Dietary fibre 22.4 and 17.9 20.9 and 16.5
32.5 g/day 27.3 29.1 g/day 24.7

39.6 35.0
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death rate ratio = 100). Because of the rela-
tively small number of deaths for individual
causes other than IHD, the data are presented
for IHD (ICD codes 410–414) and total
mortality. Death rate ratios were adjusted for
age, sex, smoking habit, and social class. Two-
tailed p values were used to indicate death rate
ratios significantly diVerent from the reference
value. Associations between mortality and the
lifestyle related variables were further exam-
ined by testing for trend, for which one-tailed p
values are presented.

Results
A total of 525 deaths were observed in more
than 143 000 person-years at risk; overall mean
duration of follow up 13.3 years. SMRs for all
cause mortality in the entire cohort were 0.48
(95% CI 0.42 to 0.54) for men, and 0.57 (0.50
to 0.64) for women. SMRs for IHD were 0.44
(0.35 to 0.56) for men, and 0.46 (0.35 to 0.61)
for women, and for all malignant neoplasms
0.56 (0.44 to 0.69) and 0.75 (0.63 to 0.89) for
men and women, respectively.
Death rate ratios for those reporting pre-

existing diseases (angina, hypertension, heart
disease, stroke or diabetes) at the time of diag-
nosis were 508 (353 to 731) and 211 (172 to
259) for IHD and total mortality, respectively.
The main analyses relate only to individuals
without reported disease at the time of recruit-
ment. Death rate ratios in relation to smoking
habits, BMI, and social class are shown in table
3. An increase in IHD and all cause mortality is
apparent among those smoking 10 or more
cigarettes per day compared with never smok-
ers, and among those with BMI > 22.5 kg/m2,
compared with a BMI of 20 to < 22.5 kg/m2.
Total mortality was significantly higher in those
with an initial BMI < 20, and a similar though
not statistically significant trend is apparent for
IHD mortality. There was no diVerence in
death rate ratio between those defined as
having high or low levels of leisure time physi-
cal activity (results not shown).

Death rate ratios for potentially deleterious
or protective dietary factors are shown in table
4. A trend of increasing mortality for IHD was
observed with increasing intake of total and
saturated animal fat and dietary cholesterol. A
similar trend was apparent for intake of eggs
and cheese (other than cottage cheese). The
death rate ratios were not appreciably altered
when they were additionally adjusted for BMI.
No significant trends were apparent between
nutrient and food variables and total mortality,
although those in the middle intake groups for
eggs and milk had significantly lower death rate
ratios than those in the lowest intake category.
The highest intake of nuts (consumption on
five or more occasions per week) was associated
with a 23% reduction in all cause mortality
which was not quite statistically significant
(95% confidence interval 58–101) when com-
pared with the lowest intake (nuts eaten less
than once per week).
Death rate ratios were also computed for

individuals with pre-existing disease at the time
of recruitment, and for all subjects. The trends
for all subjects were similar to those presented
for the group with no prior disease except that
IHD mortality was significantly lower in the
vegetarian/vegan group than in the meat eaters
(death rate ratio 63; 95% CI 42–93). All cause
mortality for all subjects was significantly lower
in the middle and highest intakes of green veg-
etables (62, 95% CI 46–83; and 74, 95% CI
56–99) and among those consuming the high-
est intake of nuts (76, 95% CI 60–97)
compared with the lowest intakes of these
foods.

Discussion
These findings relate to people who are mainly
non-smokers, of high social class, and relatively
lean. It is not surprising that all cause mortality
is about half that expected for the population of
England and Wales. DiVerences in dietary
intake may also help to explain the reduction in
mortality from IHD and malignant neoplasms
in comparison with national rates; previously
published data showed that both vegetarian
and meat eating participants in the study ate
diets with less saturated fat and more dietary
fibre than the average for the British
population.13 Thus, the study diVers from other
prospective studies that have examined diet
and IHD in cohorts representative of the
population at large or of particular employ-
ment groups. These results may therefore indi-
cate which dietary factors are determinants of
IHD mortality when populations comply with
current dietary guidelines that emphasise the
need to reduce the intake of saturated fatty
acids and increase the intake of foods rich in
dietary fibre. They also suggest reasons why
vegetarians have lower IHD mortality rates
than otherwise similar meat eaters.
The findings support the hypothesis that the

nature and quantity of dietary fat and chol-
esterol are key determinants of IHD mort-
ality.2 3 A gradient of risk is apparent with
increasing intake of total animal fat, saturated
fat, and dietary cholesterol as well as some
of the major food sources of these nutrients.

Table 3 Death rate ratio (95% confidence interval) according to smoking habits, body
mass index, and social class for participants without pre-existing disease at the time of
recruitment

Ischaemic heart disease All causes of death

No of
deaths
(64) Death rate ratio

No of
deaths
(392) Death rate ratios

Smoking habits
Never smoked 22 100 173 100
Ex-smoker 25 131 (73–237) 131 112 (88–141)
Current smoker
< 10 cigarettes/day 5 128 (47–344) 34 125 (86–181)
> 10 cigarettes/day 12 464 (224–959)** 54 241 (176–329)**

Body mass index (kg/m2)
< 20 8 158 (61–409) 81 141 (106–189)*
20– 9 100 107 100
22.5– 23 269 (124–584)* 117 135 (103–176)*
> 25 24 392 (180–851)** 87 155 (116–207)**

Social class
I–II 19 100 128 100
III–V 7 65 (27–155) 85 113 (86–149)
Others 38 118 (62–225) 179 115 (88–151)

Data adjusted for age, sex and for other variables listed.
Significance of diVerence from reference category: *2p < 0.05, **2p < 0.01.
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Further indirect support for a key role of
dietary saturated fat and cholesterol in promot-
ing IHD comes from the diVerence in serum
cholesterol between vegetarians and meat
eaters; we and others have reported differences
of between 0.4 and 0.6 mmol/l.18–20 Law et al
estimated that a 0.6 mmol/l diVerence in total

serum cholesterol would cause a 27% diVer-
ence in IHD mortality and a 10% diVerence in
all cause mortality,21 predictions that are close
to those observed in a meta-analysis including
our own and four other studies of vegetarians.12

Serum cholesterol diVerences of this magni-
tude would be predicted on the basis of the

Table 4 Death rate ratio (95% confidence interval) for selected dietary factors, each adjusted for age, sex, smoking and
social class for subjects with no evidence of pre-existing disease at the time of recruitment

Ischaemic heart disease All causes of death

No of
deaths
(64) Death rate ratio Trend

No of
deaths
(392) Death rate ratio Trend

Diet group
Meat eater 32 100 170 100
Semi-vegetarian 7 108 (47–248) NS 45 102 (73–143) NS
Vegetarian/vegan 25 83 (48–143) 177 102 (82–127)

Meat
None eaten 29 100 209 100
Less than daily 18 153 (84–279) NS 83 102 (79–133) NS
Daily 17 118 (64–218) 94 101 (79–130)

Eggs (per week)
< 1 8 100 89 100
1–5 33 128 (59–279) p < 0.01 203 74 (58–96)* NS
6+ 23 268 (119–602)* 89 92 (68–123)

Milk (pints per day)
Less than half 18 100 138 100
Half 21 76 (40–143) NS 139 70 (55–88)** NS
More than half 24 150 (81–278) 106 87 (68–113)

Cheese (excluding cottage)
< once per week 5 100 55 100
1–4 times per week 16 123 (45–335) p < 0.01 120 86 (62–118) NS
> 5 times per week 43 247 (97–626) 208 102 (76–137)

Total animal fat
1st tertile 9 100 116 100
2nd tertile 15 179 (78–409) p < 0.01 95 85 (65–112) NS
3rd tertile 21 329 (150–721)** 99 105 (80–138)

Saturated animal fat
1st tertile 9 100 111 100
2nd tertile 17 211 (94–474) p < 0.01 100 95 (73–125) NS
3rd tertile 19 277 (125–613)* 99 106 (80–139)

Dietary cholesterol
1st tertile 8 100 116 100
2nd tertile 15 181 (77–429) p < 0.001 90 74 (56–97)* NS
3rd tertile 22 353 (157–796)** 104 102 (78–134)

Fish
Never eaten 26 100 184 100
< once per week 13 121 (62–238) NS 82 97 (74–126) NS
> once per week 25 123 (70–217) 123 96 (76–121)

Green vegetables
< once per week 4 100 39 100
1–4 times per week 29 119 (42–340) NS 171 74 (52–105) NS
> 5 times per week 30 134 (47–384) 176 89 (63–126)

Carrots
< once per week 14 100 60 100
1–4 times per week 29 57 (30–108) NS 226 107 (80–142) NS
> 5 times per week 18 76 (37–157) 96 99 (72–138)

Fresh or dried fruit
< 5 times per week 17 100 106 100
5–9 times per week 29 107 (58–196) NS 151 89 (69–114) NS
> 10 times per week 17 89 (44–180) 128 97 (74–127)

Nuts
< once per week 30 100 188 100
1–4 times per week 21 119 (68–210) NS 123 99 (79–125) NS
> 5 times per week 13 87 (45–168) 72 77 (58–101)

Dietary fibre
1st tertile 7 100 82 100
2nd tertile 14 192 (77–479) NS 88 101 (75–137) NS
3rd tertile 17 225 (92–553) 93 98 (73–133)

Alcohol
0 or < 1 unit per week 24 100 158 100
1–7 units per week 25 131 (74–234) NS 122 88 (69–113) NS
> 7 units per week 15 102 (51–203) 108 104 (79–135)

*2p < 0.05; **2p < 0.01.
Numbers of deaths may not total 64 or 392 because values of the dietary factors were unknown for some subjects.
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difference in intake of saturated fat and
cholesterol between vegetarians and non-vege-
tarians.13 22

Other recent studies have suggested that the
deleterious eVect of saturated fat and chol-
esterol is less important than the protective
eVects of dietary fibre and linolenic acid.4 10

However, in the present study there was a wide
range of dietary fat intakes, resulting from the
inclusion of vegans, vegetarians, semi-veget-
arians, and meat eaters. Most other cohort
studies have involved more homogeneous
populations with a relatively narrow range of
fat intakes. It is impossible to identify even
strong disease associations if there is little vari-
ation in a dietary variable in the study popula-
tion. Conversely, the absence of an eVect of
dietary fibre in our data could be due to the fact
that our cohort had average intakes above that
observed in other studies4 and that a gradient
of risk is no longer apparent with intakes in this
higher range.
We were not able to examine the potentially

protective eVects of antioxidant nutrients or of
long chain unsaturated fatty acids. When the
study started there were no clear hypotheses
concerning eVects of these nutrients so the
questionnaire did not include details of rel-
evant foods. We were unable to detect a
protective eVect of either fish intake7 or
alcohol,23 which have been reported in several
other studies. The most likely explanation is a
relatively narrow spread of intakes. The cohort
as a whole had a relatively low intake of alcohol
and fish. Another possible explanation for the
failure to demonstrate a protective eVect of
alcohol may lie in the fact that alcohol
primarily exerts its cardioprotective eVect in
those with moderately raised LDL
cholesterol.24 Vegetarianism was associated
with a 17% reduction in mortality from IHD.
This was not statistically significant, but is
consistent with the 25% reduction observed in
the recent meta-analysis of this and four other
studies.12

There are no consistent and significant
trends between dietary variables and all cause
mortality. It is diYcult to be certain whether
the lower all cause mortality among those in
the middle intake groups for eggs and milk is of
biological significance or simply a chance find-
ing as there were no prior hypotheses regarding
intakes of these foods and total mortality. Per-
haps of more interest is the reduced mortality
in those consuming nuts five times or more per
week compared with less than once per week, a
finding that did not quite achieve statistical sig-
nificance in those without pre-existing disease
(death rate ratio 77; 95% CI 58–101), but did
achieve statistical significance when the data
were examined for all subjects. Nuts are good
sources of vitamin E, other antioxidant nutri-
ents, and linoleic acid and appeared to be
responsible for some of the reduced IHD
mortality among Seventh-day Adventist veg-
etarians.25

The semiquantitative food frequency ques-
tionnaire was a relatively crude instrument,
having been designed before the development

of the more sophisticated food frequency ques-
tionnaires currently employed in large scale
epidemiological studies. However, we are con-
fident of its ability to provide reasonable
estimates of dietary fat, cholesterol, and fibre.
Special attention was given to the food sources
of these nutrients as they were of particular
interest when the study was planned. The
associations demonstrated remained after ad-
justing for major potential confounding factors
(age, sex, smoking, social class, and BMI), and
restricting the data to individuals with no pre-
vious cardiovascular disease or diabetes. Thus,
reported diet is unaVected by dietary advice or
self selected food choices intended to treat
various diseases and this potentially important
source of bias is thereby removed.
The data on self reported height and weight

are important as they relate to a population
with a reduced prevalence of overweight and
obesity compared with the general population
in Britain. A BMI < 20 is associated with a sig-
nificantly increased mortality from non-IHD
causes, an observation made in many other
studies26 and perhaps due to disease present
but not yet diagnosed at the time of recruit-
ment. The increase in IHD mortality in this
group was not statistically significant. On the
other hand, IHD mortality showed a nearly
threefold increase in the high normal range
(22.5 to < 25 kg/m2) compared with the low
normal range (20 to < 22.5 kg/m2), the risk
increasing to fourfold in those with BMIs in the
overweight or obese range (> 25 kg/m2). The
low prevalence of obesity precluded more
detailed analyses among the obese (BMI
> 30 kg/m2). Although the gradient of risk
within the normal range is based on only nine
deaths from IHD in the reference group, the
increased mortality in the high normal range is
a phenomenon previously documented27 28 but
not widely appreciated and with important
public health implications. Non-IHDmortality
was also higher in the overweight category,
though not to the same extent as for IHD.
In summary we conclude that dietary

saturated animal fat and cholesterol are impor-
tant in the aetiology of IHD. These factors,
rather than simply meat,29 appear to explain the
higher IHD rates reported in meat eaters com-
pared with vegetarians and are of particular
relevance in a population consuming a diet
lower in saturated fatty acids and higher in
dietary fibre than that currently consumed in
most relatively aZuent western societies. With
the possible exception of nuts, there was little
evidence for an important role for potentially
protective foods; however, it is not clear
whether this was due to inadequacies of the
instrument for measuring dietary intake or
whether protective foods and nutrients play a
less important role in populations or groups
who have already opted for a diet that is high in
vegetables, fruits, and cereals.
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